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1
ON-BOARD VEHICLE CONTROL SYSTEM
AND METHOD FOR DETERMINING
WHETHER A VALUE IS WITHIN AN AREA
OF INTEREST FOR EXTRANEOUS
WARNING SUPPRESSION

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 14/197,099, filed on Mar. 4, 2014, and issued on
Oct. 6,2015 as U.S. Pat. No. 9,153,132. The entire contents of
U.S. Pat. No. 9,153,132 is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to an on-board
vehicle control system and method. More specifically, the
present invention relates to an on-board vehicle control sys-
tem and method for determining whether a condition point
lies within an area of interest and controlling a host vehicle
based on the determination to, for example, suppress extra-
neous warning information.

2. Background Information

Recently, vehicles are being equipped with a variety of
informational systems such as navigation systems, satellite
radio systems, two-way satellite services, built-in cell
phones, DVD players and the like. Various informational
systems have been proposed that use wireless communica-
tions between vehicles and between infrastructures, such as
roadside units. These wireless communications have a wide
range of applications ranging from safety applications to
entertainment applications. Also vehicles are sometimes
equipped with various types of systems, such as global posi-
tioning systems (GPS), which are capable of determining the
location of the vehicle and identifying the location of the
vehicle on a map for reference by the driver. The type of
wireless communications to be used depends on the particular
application. Some examples of wireless technologies that are
currently available include digital cellular systems, Bluetooth
systems, wireless LAN systems and dedicated short range
communications (DSRC) systems.

Also, vehicles can be equipped with a collision warning
system that identifies the location of the vehicle and the
locations of other nearby vehicles to determine whether the
vehicle may come into contact with any of the other vehicles.
The possibility of contact between vehicles can be particu-
larly high at road intersections in which the travel paths of the
vehicle and other nearby vehicles may intersect. If the possi-
bility of contact exists, the system can issue a warning to the
driver so that the driver can take the appropriate action.

SUMMARY OF THE INVENTION

As can be appreciated from the above, a need exists for an
improved on-board vehicle control system for identifying the
location of a vehicle or vehicles of interest for use in various
vehicle applications such as in collision warning systems,
braking systems, mapping systems and so on.

In accordance with one aspect of the present invention, a
condition monitoring system and method are provided which
employ a storage device and a controller. The storage device
stores information representing a plurality of boundary points
of'a boundary that circumscribes an area of interest in which
the boundary points are defined by two prescribed param-
eters, and the controller obtains at least one condition point
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defined by current values of the prescribed parameters, deter-
mines a first boundary point of the boundary points that is
closest to the condition point, and generates geometric data
representing a geometric relationship between the first
boundary point, the condition point and a second boundary
point of the boundary points. The geometric relationship
includes a first straight line connecting the first boundary
point and the condition point, a second straight line connect-
ing the second boundary point and the condition point and a
third straight line connecting the first boundary point and the
second boundary point. The controller calculates reference
point data representing a reference point based on the geo-
metric data, determines coordinate condition data based on an
angle between a predetermined direction and a reference line
connecting the first boundary point and the reference point,
and determines whether the condition point lies within the
area of interest based on a comparison between coordinates of
the condition point and the coordinate condition data.

These and other objects, features, aspects and advantages
of'the present invention will become apparent to those skilled
in the art from the following detailed description, which,
taken in conjunction with the annexed drawings, discloses a
preferred embodiment of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the attached drawings which form a part
of'this original disclosure:

FIG. 1 is a schematic diagram illustrating an example of a
host vehicle equipped with an on-board vehicle control sys-
tem according to embodiments disclosed herein in relation to
a remote vehicle and components of a global positioning
system (GPS);

FIG. 2 is a block diagram of exemplary components of the
host vehicle equipped with an on-board vehicle control sys-
tem according to embodiments disclosed herein;

FIG. 3 is a diagrammatic view illustrating an example of an
area of interest that represents a relationship between a plu-
rality of vehicle-related parameters and a vehicle condition,
and which is evaluated according to the embodiments
described herein;

FIG. 4 is a diagrammatic view illustrating an example of an
area of interest that represents a geographic location in rela-
tion to a location of a vehicle of interest as evaluated accord-
ing to the embodiments described herein;

FIG. 5 is diagrammatic view illustrating an example of the
locations of the area of interest as shown in FIG. 4 with
respect to a host vehicle;

FIG. 6 is diagrammatic view illustrating an example of the
locations of the area of interest as shown in FIG. 4 with
respect to a host vehicle;

FIG. 7 is a diagrammatic view illustrating exemplary rela-
tionships between areas of interest and jurisdictional bound-
aries;

FIG. 8 is a flowchart illustrating examples of operations
performed by the on-board vehicle control system according
to the embodiments described herein to determine whether
determined values, such as those representing a vehicle loca-
tion or a vehicle condition, lies inside or outside an area of
interest; and

FIGS. 9-22 are diagrammatic views illustrating examples
of the relationships between the determined values and
boundary points defining the area of interest as used in accor-
dance with the process shown in the flowchart of FIG. 8.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Selected embodiments of the present invention will now be
explained with reference to the drawings. It will be apparent
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to those skilled in the art from this disclosure that the follow-
ing descriptions of the embodiments of the present invention
are provided for illustration only and not for the purpose of
limiting the invention as defined by the appended claims and
their equivalents.

Referring initially to FIG. 1, a two-way wireless commu-
nications network is illustrated that includes vehicle to
vehicle communication and vehicle to base station commu-
nication. In FIG. 1, ahost vehicle (HV) 10 is illustrated that is
equipped with an on-board vehicle control system 12 accord-
ing to a disclosed embodiment, and two remote vehicles (RV)
14 that also includes the on-board vehicle control system 12.
As discussed herein, the host vehicle 10 can also be referred
to as a subject vehicle (SV). The remote vehicle 14 can also be
referred to as a target or threat vehicle (TV). While the host
vehicle (HV) 10 and the remote vehicles 14 are illustrated as
having the same on-board vehicle control system 12, it will be
apparent from this disclosure that each of the remote vehicles
14 can include another type of two-way communication sys-
tem that is capable of communicating information about at
least the location and speed of the remote vehicle 14 to the
host vehicle 10.

The on-board vehicle control system 12 of the host vehicle
10 and the remote vehicle 14 communicates with the two-way
wireless communications network. As seen in FIG. 1, for
example, the two-way wireless communications network can
include one or more global positioning satellites 16 (only one
shown), and one or more roadside (terrestrial) units 18 (only
one shown), and a base station or external server 20. The
global positioning satellites 16 and the roadside units 18 send
and receive signals to and from the on-board vehicle control
system 12 of the host vehicle 10 and the remote vehicles 14.
The base station 20 sends and receives signals to and from the
on-board vehicle control system 12 of the host vehicle 10 and
the remote vehicles 14 via a network of the roadside units 18,
or any other suitable two-way wireless communications net-
work.

As shown in more detail in FIG. 2, the on-board vehicle
control system 12 includes an application controller 22 that
can be referred to simply as a controller 22. The controller 22
preferably includes a microcomputer with a control program
that controls the components of the on-board vehicle control
system 12 as discussed below. The controller 22 includes
other conventional components such as an input interface
circuit, an output interface circuit, and storage devices such as
a ROM (Read Only Memory) device and a RAM (Random
Access Memory) device. The microcomputer of the control-
ler 22 is at least programmed to control the on-board vehicle
control system 12 in accordance with the flow chart of FIG. 8
as discussed below. It will be apparent to those skilled in the
art from this disclosure that the precise structure and algo-
rithms for the controller 22 can be any combination of hard-
ware and software that will carry out the functions of the
present invention. Furthermore, the controller 22 can com-
municate with the other components of the on-board vehicle
control system 12 discussed herein via, for example a con-
troller area network (CAN) bus or in any other suitable man-
ner as understood in the art.

As shown in more detail in FIG. 2, the on-board vehicle
control system 12 can further include a wireless communica-
tion system 24, a global positioning system (GPS) 26, a
storage device 28, a plurality of in-vehicle sensors 30 and a
human-machine interface unit 32. The human-machine inter-
face unit 32 includes a screen display 32A, an audio speaker
32B and various manual input controls 32C that are opera-
tively coupled to the controller 22. The screen display 32A
and the audio speaker 32B are examples of interior warning
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devices that are used to alert a driver. Of course, it will be
apparent to those skilled in the art from this disclosure that
interior warning devices include anyone of or a combination
of visual, audio and/or tactile warnings as understood in the
art that can be perceived inside the host vehicle 10. The host
vehicle 10 also includes a pair of front headlights 34 and rear
brake lights 36, which constitutes examples of exterior warn-
ing devices of the on-board vehicle control system 12. These
components can communicate with each other and, in par-
ticular, with the controller 22 in any suitable manner, such as
wirelessly or via a vehicle bus 38.

The wireless communications system 24 can include an
omni-directional antenna and a multi-directional antenna, as
well as communication interface circuitry that connects and
exchanges information with a plurality of the remote vehicles
14 that are similarly equipped, as well as with the roadside
units 20 through at least a portion of the wireless communi-
cations network within the broadcast range ofthe host vehicle
10. For example, the wireless communications system 24 can
be configured and arranged to conduct direct two way com-
munications between the host and remote vehicles 10 and 14
(vehicle-to-vehicle communications) and the roadside units
18 (roadside-to-vehicle communications). Moreover, the
wireless communications system 24 can be configured to
periodically broadcast a signal in the broadcast area. The
wireless communication system 24 can be any suitable type
of'two-way communication device that is capable of commu-
nicating with the remote vehicles 14 and the two-way wire-
less communications network. In this example, the wireless
communication system 24 can include or be coupled to a
dedicated short range communications (DSRC) antenna to
receive, for example, 5.9 GHz DSRC signals from the two-
way wireless communications network. These DSRC signals
can include basic safety messages (BSM) defined by current
industry recognized standards that include information
which, under certain circumstances, can be analyzed to warn
drivers of a potential problem situation or threat in time for the
driver of the host vehicle 10 to take appropriate action to avoid
the situation. For instance, the DSRC signals can also include
information pertaining to weather conditions, adverse driving
conditions and so on. In the disclosed embodiments, a BSM
includes information in accordance with SAE Standard J2735
as can be appreciated by one skilled in the art. Also, the
wireless communication system 24 and the GPS 26 can be
configured as a dual frequency DSRC and GPS devices as
understood in the art.

The GPS 26 can be a conventional global positioning sys-
tem that is configured and arranged to receive global posi-
tioning information of the host vehicle 10 in a conventional
manner. Basically, the global positioning system 26 receives
GPS signals from the global positioning satellite 16 at regular
intervals (e.g. one second) to detect the present position of the
host vehicle 10. The GPS 26 has an accuracy in accordance
with industry standards and thus, can indicate the actual
vehicle position of the host vehicle 10 within a few meters or
less (e.g., 10 meters less). The data representing the present
position of the host vehicle 10 is provided to the controller 22
for processing as discussed herein. For example, the control-
ler 22 can include or be coupled to navigation system com-
ponents that are configured and arranged to process the GPS
information in a conventional manner as understood in the art.

The storage device 28 can store road map data as well as
other data that can be associated with the road map data such
as various landmark data, fueling station locations, restau-
rants, weather data, traffic information and so on. Further-
more, the storage device 28 can store other types of data, such
as data pertaining to vehicle-related parameters and vehicle
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conditions. For example, the vehicle-related parameters can
include predetermined data indicating relationships between
vehicle speed, vehicle acceleration, yaw, steering angle, etc.
when a vehicle is preparing to make a turn. In this event, the
storage device 28 can further store data pertaining to vehicle
conditions, which can represent a determined vehicle condi-
tion of a vehicle of interest, such as the host vehicle 10, a
remote vehicle 14, or both. This determined vehicle condition
can represent, for example, a vehicle speed and acceleration
that is determined for the vehicle of interest at a moment in
time. Accordingly, the embodiments disclosed herein can
evaluate whether the vehicle condition lies within the area of
interest, as represented by the vehicle-related parameters, to
determine, for example, whether the vehicle of interest is
preparing to make a turn. The storage device 28 can include,
for example, a large-capacity storage medium such as a CD-
ROM (Compact Disk-Read Only Memory) or IC (Integrated
Circuit) card. The storage device 28 permits a read-out opera-
tion of reading out data held in the large-capacity storage
medium in response to an instruction from the controller 22
to, for example, acquire the map information and/or the
vehicle condition information as needed or desired for use in
representing the location of the host vehicle 10, the remote
vehicle 14 and other location information and/or vehicle con-
dition information as discussed herein for route guiding, map
display, turning indication, and so on as understood in the art.
For instance, the map information can include at least road
links indicating connecting states of nodes, locations of
branch points (road nodes), names of roads branching from
the branch points, place names of the branch destinations, and
so on. The information in the storage device 28 can also be
updated by the controller 22 or in any suitable manner as
discussed herein and as understood in the art.

The in-vehicle sensors 30 are configured to monitor vari-
ous devices, mechanisms and systems within the host vehicle
10 and provide information relating to the status of those
devices, mechanisms and systems to the controller 22. For
example, the in-vehicle sensors 30 can be connected to a
traction control system, a windshield wiper motor or wiper
motor controller, a headlight controller, a steering system, a
speedometer, a braking system and so on as understood in the
art.

As will now be discussed with reference to FIGS. 3 to 7, the
on-board vehicle control system 12 can operate to determine
whether a condition is inside (condition 104A) or outside
(condition 104B) the area of interest 100. The condition can
represent any type of condition, such as those discussed
herein. For instance, in one exemplary embodiment, the on-
board vehicle control system 12 can evaluate whether a
vehicle condition representing a speed and acceleration of a
vehicle of interest, such as the host vehicle 10 or the remote
vehicle 14 is inside or outside the area of interest 100, which
in this exemplary embodiment represents predetermined
vehicle speed and acceleration data, to determine whether the
vehicle of interest is preparing to make a turn. Also, the
on-board vehicle control system 12 can determine whether
the location of a vehicle of interest, such as the host vehicle
10, the remote vehicle 14, or both, is present within an area of
interest 100, which represents a geographical area. In other
words, either the host vehicle 10 and/or one or more the
remote vehicles 14 can be considered to be a vehicle of
interest by the on-board vehicle control system 12. The on-
board vehicle control system 12 controls an aspect of the host
vehicle 10 differently upon a determination of the vehicle of
interest (i.e., the host vehicle 10 and/or one or more the
remote vehicles 14) is located within the area of interest 100
from a determination of the vehicle of interest (i.e., the host

10

15

20

25

30

35

40

45

50

55

60

65

6

vehicle 10 and/or one or more the remote vehicles 14) is
located outside of the area of interest. The term “aspect” as
used herein with respect to the host vehicle 10 refers to any
component, application, and/or application parameter of the
host vehicle 10.

The area of interest 100 can be defined by a plurality of
boundary points 102 as shown in FIG. 3. For instance, the area
of interest 100 can be a particularly complex area defined by
scattered boundary points that define a complex boundary
that can vary in an irregular, non-symmetrical manner as
defined by the boundary points 102. The boundary points 102
can be represented by, for example, a series of experimental
and/or historical data points. The boundary points 102 can be
represented by, for example, data sets (e.g., X, y coordinates)
that represent a relationship between vehicle-related param-
eters, such as vehicle speed and acceleration. The data sets are
stored in the database of the storage device 28 or otherwise
provided to the on-board vehicle control system 12 via the
wireless communications network in any suitable manner.
The vehicle condition shown in FIG. 3 can represent a deter-
mined speed and acceleration of the vehicle of interest at a
moment in time. In another example, such as that shown in
FIGS. 4 through 7, the boundary points 102 can be repre-
sented by, for example, longitude and latitude data sets (e.g.,
X, y coordinates) that are stored in the database of the storage
device 28 or otherwise provided to the on-board vehicle con-
trol system 12 via the wireless communications network 16
on in any suitable manner. For example, the boundary points
102 can represent terrestrial points on the earth, which can
correspond to the locations of the roadside units 20 or any
other suitable locations. Also the area of interest 100 can be
either a dynamic area that changes as shown in FIGS. 4 to 6,
or a static area that remains stationary as shown in FIG. 7. The
number of boundary points 102 and the distance between the
boundary points 102 for any given one of the areas of interest
100 can vary as needed and/or desired to accomplish the
desired result of the application in which the system is being
used.

As can be appreciated from FIG. 4, the area of interest 100
can move, for example, in accordance with movement of the
host vehicle 10 or due to other reasons, such as changes in
environmental conditions, change in traffic conditions and so
on as discussed herein. Thus, as the host vehicle 10 moves
from a first location (shown in solid lines) to a second location
(shown in broken lines), the area of interest 100 can shift to
become area of interest 100' represented in phantom lines. As
seen in FIG. 4, the shape of the area of interest 100 not only
shifted but also changed in shape in accordance with map
data.

As can further be appreciated from FIGS. 5 and 6, the area
ofinterest 100 can be defined proximate to the host vehicle 10
(e.g., in front ofthe host vehicle 10) as shown in FIG. 5, or can
encompass the host vehicle 10 as shown in FIG. 6. Further-
more, as shown in FIG. 7, the area of interest 100 can repre-
sent particular jurisdictions (Jurisdictions 1 to 4) that are each
governed by respective traffic laws, etc. that may be different
from each other. Thus, the on-board vehicle control system 12
can control one or more aspects of the host vehicle upon
determining that the host vehicle 10 is located within the area
of'interest 100. In the example shown in FIG. 7, four areas of
interest are represented as areas of interest 100-1 through
100-4 corresponding to Jurisdictions 1 through 4, respec-
tively. As described herein, the on-board vehicle control sys-
tem 12 can determine whether the host vehicle 10 lies in a
particular one of the Jurisdictions 1 to 4. For example, if one
of the Jurisdictions 1 to 4 requires headlights to be turned
“on” while on highways, then the controller 22 can turn on the
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headlights 34 upon determining that the host vehicle 10 is
located within that Jurisdiction and on a highway based on the
navigation system. Also, one or more of the Jurisdictions 1
through 4 may permit hands-free telephone use only. Accord-
ingly, the controller 22 can issue a warning to the driver of the
host vehicle 10 about this requirement. Furthermore, the
Jurisdictions 1 through 4 may have different regulations with
regard to the location of a vehicle with respect to an intersec-
tion when the light at the intersection is turning from green to
amber and then to red. Therefore, the controller 22 can control
the vehicle intersection warning system to operate in compli-
ance with the requirements of the Jurisdiction 1 through 4 in
which the vehicle of interest is present.

An example of operations that are performed by the on-
board vehicle control system 12 to determine whether a
vehicle of interest (e.g., the host vehicle 10 and/or the remote
vehicle 14) are present within an area of interest will now be
described with reference to the flowchart in FIG. 8 and the
diagrams in FIGS. 9-22.

In step S11, the processing stores information representing
a plurality of boundary points 102-1 through 102-8 of a
boundary that circumscribes the area of interest 100. In step
S12, the processing obtains a vehicle condition of a vehicle of
interest, which is represented by a condition point p,. The
vehicle condition can be determined in any suitable manner.
For example, if the vehicle condition represents speed and
acceleration of the vehicle of interest, the data representing
the vehicle speed and acceleration can be determined based
on information that can represent braking and accelerator
pedal information, steering wheel information and so on pro-
vided to the controller 22 via the sensors 30, which can
include signals from, for example, vehicle speed and vehicle
accelerator sensors. If the vehicle condition represents, for
example, the location of the vehicle of interest, the vehicle
location can be determined in any suitable manner, such as by
using GPS information representing the longitude and lati-
tude of the vehicle of interest.

As shown in FIG. 9, the area of interest 100 for purposes of
these examples can be any two-dimensional area, regardless
of'shape, that is represented by a 360-degree path P where the
start and end points are the same. In this example, the start and
end points are represented by boundary point 102-1, with the
other exemplary boundary points being represented by points
102-2 through 102-8. The processing performed by the on-
board vehicle control system 12 determines whether the
vehicle condition (e.g., the determined speed and acceleration
ofthe vehicle of interest, or the location of a vehicle of interest
as discussed herein) as represented by the condition point p,,
falls inside or outside the area of interest 100. The number of
the points 102-1 through 102-8 used to define the path P is
immaterial, as any suitable number of the points 102 can be
used as needed to accurately define the area of interest 100.
Likewise, the distance between the points 102 can vary as
needed to accurately define the area of interest 100.

In this example, the processing is performed by starting at
one of the points 102, such as point 102-1, and continuing
clockwise around the path P from sequential point to point.
However, the processing can start at any of the points 102, and
can proceed in a clockwise or counterclockwise manner as
can be understood by one skilled in the art. It should be noted
that the processing should be performed either in the clock-
wise manner or counterclockwise manner while completing
the calculations discussed below to make one determination
whether the vehicle condition lies within or outside the area of
interest 100.

A line segment between two consecutive points on the path
P can be characterized in one of eight ways as can be appre-

8

ciated from FIG. 10. For instance, a line segment can be
characterized by an angle {3, between the line segment and a
predetermined direction.

Mathematically, the angle 3, can be expressed as follows:

Xy — Xyl + O

A =ﬂ(

[Xm = Xmae1| + &

+ 1) - cos’l(

10 (

Ym+l — Ym ]
VGt =50 + Gt =y

X — X1 +o')
[%m = X1 | + 0

The length of the line 1, between two consecutive points is
a straight line defined as follows:

Zk:\/(mer ¥ P 1Y)

The following exemplary calculations can be made to
determine whether a condition point p,, lies within or outside
the boundary defined by the circumferential path P. This
determination can be made by using the following steps:

First, in step S13, the processing determines via the on-
board vehicle controller 22 which of the boundary points is
closest to the vehicle condition (e.g. the point representing the
vehicle speed and acceleration, or the point representing the
vehicle location), and the processing further generates geo-
metric data in step S14, as described below. As shown in FI1G.
10, the point p,, (with coordinates x,, and y,,) on the path P
that is closest to the condition point p, (with coordinates x,,
and y,) can be determined by sequentially, in a predetermined
direction (e.g. clockwise or counterclockwise), calculating
the straight-line distance between each boundary point along
the path P and the condition point p,, and then choosing the
boundary point at the shortest straight-line distance. This
distance 1, is defined as follows:

15

20

25

30

Zm+1:\/('xk_xm)2+(yk_ym)2

After the point on the path P that is closest to the condition
point p, has been identified, the processing generates via the
on-board vehicle controller 22 geometric data representing a
geometric relationship between the first boundary point p,,,,
the condition point p, and a second boundary point of the
boundary points as will now be described. That is, the next
consecutive point p,,, ; in the predetermined direction along
the path is chosen and a triangle is defined as shown in FIG.
10, where:

35

40

= R A —
. :\/(mer 1 _xk)2+ Vmns1 —.Vk)2
50 Zm+1:\/(xm_xk)2+(ym_y}c)2

and from the Law of Cosines

2. p 2
b b =
cosqy = —————

55 P
G+l - b
COSQyy, = m
L+l -
60 oS Eme = o

Different Cases 1 through 4 will now be described with
reference to FIGS. 11 through 14 which indicate different
possible relationships between the lines 1,,1,, and 1,,,; iden-
tified in FIG. 10.

1,2+

m+l

o
o

2-1 220 Case 1
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Referring to FIG. 11, 1,241 ,,,>-1 220, cos a., is greater which are expanded to obtain:
than 0 and the coordlnates x,and y, are calculated as follows:
The value of x,, is determined follows:

. mel + Ym
First: Vg = % +
5
((xm =007 + O = 31 = Ot = %)~ Gt = 90)° ](ymﬂ ~n)
BaBo B B+l - Gms1 = %n)? + Yms1 = Ym) 2
;_ _ m+ m m+ m
b = lnt1C0SQm = Lni1 T A
10 1241, %1 2<0 and 1,2+, _>~1 %20 Case 2
Now:
Referring to FIG. 12, if 1,>+1 -1 <0 (i.e. cos a,,,<0)
but 1,2+, _,2-1 220 (i.e. cos a,,,20), p,, becomes p,,,, and
Xy = = L sings Pt bepomes pn.and x, and y, are calculated in the same way
15 aspreviously.
where Thus:
sinB, = Xmtl — Xm
ke
Xmil + Xm
20 A
and substitutions are made to obtain: ((xm xR+ = O = (et = 5002 = Oeet = V002 ]( Xl — xm)
(Xm+1 = xm)z + (Yme1 — ym)2 2
Y —x lk +les = (Xm+1 _xm) And
g m = 2l Ymel + Ym
* 25 Yg=—T 5 +
m Xm 1 —Xm
Xq = %n —( o . ((xm—xk>2+(ym—yk)2—(xm+1 — )~ Gt —yk)z](ymﬂ ~n)
(Fms1 = Xm)? + (Ym+1 — ym)2 2
_ Xmtl = Xm lr2n+1 - lrzn Xmt+1 — Xm
gy = +(Z%(2)
30
Y + X (l,zn+1 z ](xm+l - xm) 17 41,,,°=1,7<0 and 1+, *~1,7<0 Case 3
q — 2 . e .
2 i 2 Referring to FIG. 13, itis possible that 1,2+l ,, ,>~1 2<0and
L2+, -1 2<0(i.e.cos a,,, and cos a.,,,<0). In this case, p,,
. . becomes p
which are expanded to obtain: 7
P 35 Thus:
Kl + X o
T
And
((xm =2+ U = 90" = Gt = %) = et = 300" ](xmﬂ —xm) 40
(Fms1 = Xn)? + (Yme1 — ym)2 2
Vg Vm:
The value of'y, is determined as follows: 12+41,,,°-1,220 and ,2+1, *>~1,2=0 Case 4
45 Referring to FIG. 14, itis possible that 1,>+1,,, ,>~1 *=0and

L2+, -1 220 (i.e. cos a,, and cos a.,,=0). In this case,

Ya = ¥m = licospy Case 1 applies.

where: Accordingly, the geometric relationship including a first
Yot = ¥m straight line 1, , , connecting the first boundary point p,, and

cosfy = 0 50 the condition point (e.g. the vehicle speed/acceleration or the

vehicle location) p,, a second straight line 1,, connecting the

second boundary point p,,,; and the condition point p, and a

and substitutions are made to obtain: third straight line 1, connecting the first and second boundary
points p,, and p,,.,. Furthermore, the calculations described

55 above are performed in step S15 to calculate via the on-board

B+l -2 ( Vel = ym) vehicle controller 22 reference point data representing a ref-

Yg = Ym = 2, A erence point p, based on the geometric data.
2o ~ Referring back to FIG. 9, expressions to determine if the
Vg = Ym = (1 + %](M) condition point py is inside or outside the area defined by the
* 60 circumferential path P can be determined for each of the eight
e N AT characteristic configurations shown. With the coordinates of
JaTIm =T ( A ]( 2 ) p, (X, ¥,) known, the on-board vehicle control system 12 can

perform the following calculations to determine whether the
condition point p,, lies within or outside the boundary defined
65 by the circumferential path P. Thus, as described below, the
processing performed in step S16 determine via the on-board
vehicle controller 22 coordinate condition data based on an

_ Ymii + Ym + Lot =1, (ym+l —ym)
i 2 2 2
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angle between a predetermined direction and a reference line
connecting between the first boundary point p,, and the ref-
erence point p,.

Angle (3, Greater than or Equal to 0 and Less than m/2

For the case where the angle 3, is equal to or greater than
zero and less than 7/2 as illustrated in FIG. 15, it can be seen
that as long as x, is greater than or equal to x, and y, is less
than or equal to y,, the condition point p, falls within the
defined boundary. The following expressions can be used to
define this case mathematically where:

7/2-p

1
Np) = Z(m + 1] =1
if0=<p < ; otherwise fi(A1) = 0.
And

Xy —Xg+ O Yg— Vi +CO

+1]:1
](Iyq—ykl+0

if the condition point p; lies below and to the right of the

1
filx, y) = 4_1(

| = xgl + 0
reference point p, otherwise fi(x, y) =0.

Angle , Equal to /2

For the case where the angle 3, is equal to 7t/2 as illustrated
in FIG. 16, it can be seen that as long as y, is less than or equal
to y,,, the condition point p, falls within the defined boundary.
The following expressions can be used to define this case
mathematically where:

_1 PL—-n/2+0 n/2-p+0 _
fZ(ﬁl)_Z(|ﬁ1—ﬂ/z|+U )(lﬂ/z—ﬁ1|+0'+1]_1
if B :% otherwise f,(f;)=0.

And
I{yg—wm+o ]
=z|—/———+1|=1
rn =5

if the condition point p; lies below the reference point p,

otherwise f>(x, y)=0.

Angle 8, Greater than or Equal to /2 and Less than

For the case where the angle 3, is equal to or greater than
1t/2 and less than 7 as illustrated in FIG. 17, it can be seen that
as long as x; is less than or equal to x, and y, is less than or
equal to y,, the condition point p,, falls within the defined
boundary. The following expressions can be used to define
this case mathematically where:

I p-n/2+0 =B -
f3(ﬁ1)_4_1(|ﬁ’1—ﬂ/2|+0' ](lﬂ—ﬁ1|+g'+1)—1
if g < By < x otherwise f3(f;) = 0.
And

i xgmxm o Yg ~ Ve O _
f3(x’y)_é_1(|xq—xk|+0' ](|yq—)’k|+o—+1]_1

if condition point p; lies below and to the left of reference

point pg otherwise f3(x, y) = 0.

Angle , Equalto =
For the case where the angle 3, is equal to gas illustrated in
FIG. 18, it can be seen that as long as x, is less than or equal

5

10

15

30

35

40

45

50

55

60

65

12
to x,,, the condition point p, falls within the defined boundary.
The following expressions can be used to define this case
mathematically where:

1 —-n+o n-pL+o
f“(ﬁ‘)zi(éi—nuo— 1)(|n_2|+0—”)=1
when ) = otherwise it equals 0.

And

If xg—x +0

e = 5 e +1) =1

if the condition point p; lies to the left of the reference

point p, otherwise fy(x, y) = 0.

Angle (3, Greater than or Equal to m and Less than 37t/2

For the case where the angle {3, is equal to or greater than 7
and less than 371/2 as illustrated in FIG. 19, it can be seen that
as long as x; is less than or equal to x,, and y, is greater than or
equal to y,, the condition point p,, falls within the defined
boundary. The following expressions can be used to define
this case mathematically where:

3/2- B
Bz/2-Bil+o

pr—-n+o0 1)(

1Br—=l+0o

+1]:1

1
B =4

3
ifr<pi < 37 otherwise f5(B1)=0.
And

Xg =X+ O Y= Yg+ O

+1]:1
](ka—yql+0

if the condition point p; lies above and to the left of the

1
G y) = 4_1(

|xg = x| + 0
reference point pg otherwise f5(x, y) = 0.

Angle (3, Equal to 37/2

For the case where the angle f; is equal to 37/2 as illus-
trated in FIG. 20, it can be seen that as long as y, is greater than
or equal to y,, the condition point p,, falls within the defined
boundary. The following expressions can be used to define
this case mathematically where:

PL-3n/2+0
|81 =3n/2|+0o

3r/2-PL+o
)(I3ﬂ/2—ﬁ1|+0'

+1]:1

Je(B1) = %(

3
when 8 = P otherwise

f6(B1) =0.
And
I ye—yg+o ]
=< 2T =1
Jote. 2(|yk—yq|+o—+

if the condition point py lies above the reference point p,

otherwise fg(x, y) = 0.

Angle (3, Greater than or Equal to 37/2 and Less than 2

For the case where the angle f3, is equal to or greater than
371/2 and less than 2t as illustrated in FIG. 21, it can be seen
that as long as x, is greater than or equal to x,, and y, is greater
than or equal to y,, the condition point p, falls within the
defined boundary. The following expressions can be used to
define this case mathematically where:
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2n-pi
27— pil +

PL-3n/2+0 1)(

1
Fitpo = Z(wl /v o

+1]:1

3
if zn < By < 2x otherwise

FHB1=0.
And

Pl y) = %(xk —Xg+ O +1](

| = xgl + 0

Ve =Yg+ T
¥k =Ygl + 0

+1]:1

if the condition point p; lies above and to the right of the

reference point p, otherwise f7(x, y) =0.

Angle §, Equal to 0

For the case where the angle 3, is equal to zero as illus-
trated in FIG. 22, it can be seen that as long as X, is greater than
or equal to x,, the condition point p, falls within the defined
boundary. The following expressions can be used to define
this case mathematically where:

_1 ﬁ1—0+0' 0—ﬁ1+0’ _
fs(ﬁl)—z(lﬁl_0|+o_+ )(lo—ﬁ1|+0'+1)_1
when ) =0 otherwise fo(5;) =0.

And
1 —Xg +
fs(x,y)=z(%_+l]:l
q

if the condition point p; lies to the right of the reference

point pg otherwise fg(x, y) = 0.

Using the above information, the on-board vehicle control
system 12 determines in step S17 via the on-board vehicle
controller 22 whether the vehicle condition lies within the
area of interest 100 based on a comparison between coordi-
nates of the condition point p, and the coordinate condition
data. In particular, the controller 22 determines the following:

where:

0=F1(BUxSf 1)
O=F2(Bxf2(xy)
O5=F3(BUxSf3xy)
Qx=Fa(BxFaxy)
O5=Fs(B)xfsxy)
Q6T e(Bxf6(xy)
07, (Bxf7xy)

Os=Fs(B1)xfs(x.y)

then the condition point p, lies within the region defined by
the circumferential path P otherwise it falls outside.

Thus, the processing can control the on-board vehicle con-
troller 22 differently upon determination of the vehicle con-
dition being located within the area of interest 100 (step S18)
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from a determination of the vehicle condition being located
outside of the area of interest 100 (step S19). For example, as
discussed above, the vehicle of interest can be a remote
vehicle 14 which is different from a host vehicle 10 on which
the on-board vehicle controller 22 is disposed, and the vehicle
condition can represent a location of the remote vehicle 14.
Thus, the processing can control an aspect of the host vehicle
10 differently upon a determination of the remote vehicle 14
being located within the area of interest 100 (step S18) from
a determination of the remote vehicle 14 being located out-
side of the area of interest 100 (step S19). For example, when
performing a contact warning operation, the controller 22 can
classify a message from the remote vehicle 14 as irrelevant
upon determination of the remote vehicle 14 being located
outside of the area of interest 100. The processing can also
perform any suitable vehicle control process, such as control-
ling a braking process, emitting a warning or warnings to be
perceived by the driver of the host vehicle 10 and/or the driver
of'the remote vehicle 14, and so on, upon determining that the
remote vehicle 14 is located within the area of interest 100,
and different operations upon determining that remote
vehicle 14 is located outside of the area of interest 100.

Alternatively, the vehicle of interest can be the host vehicle
10 on which the on-board vehicle controller 22 is disposed,
and the vehicle condition can represent a location of the host
vehicle 10. Thus, the processing can control an aspect of the
host vehicle 10 differently upon a determination of the host
vehicle 14 being located within the area of interest 100 (step
S18) from a determination of the host vehicle 14 being
located outside of the area of interest 100 (step S19). For
example, the controller 22 can control the host vehicle 10 to
operate in accordance with the regulations of Jurisdiction 1 in
which the host vehicle 10 is present, until the controller deter-
mines the host vehicle 10 moved to be outside of Jurisdiction
1 and inside of Jurisdiction 2, with different regulations than
that of Jurisdiction 1. Therefore, the controller controls the
host vehicle 10 in a first manner (in accordance with the
regulations of Jurisdiction 1) while inside Jurisdiction 1, and
in a second manner (in accordance with the regulations of
Jurisdiction 2) that is different from the first manner while
inside Jurisdiction 2.

Also, as discussed above, if the vehicle condition repre-
sents, for example, a speed and acceleration of the remote
vehicle 14, the controller 22 can determine, for example, that
the remote vehicle 14 is preparing to execute a turn when the
vehicle condition is determined to lie within the area of inter-
est 100 which represents predetermined relationships
between vehicle speed and acceleration as discussed above.
Accordingly, the controller 22 can control the host vehicle 10
to perform contact avoidance processes, warning processes
and so on if it is determined that the remote vehicle 14 is about
to execute a turn. Likewise, if the vehicle condition repre-
sents, for example, a speed and acceleration of the host
vehicle 10, the controller 22 can determine, for example, that
the host vehicle 10 is preparing to execute a turn when the
vehicle condition is determined to lie within the area of inter-
est 100 which represents predetermined relationships
between vehicle speed and acceleration as discussed above.
Accordingly, the controller 22 can control the host vehicle 10
to perform contact avoidance processes, warning processes
and so on if it is determined that the host vehicle 10 is about
to execute a turn.

It can further be appreciated that the above process shown
in FIG. 9 can be performed repeatedly to determine, for
example, whether a vehicle condition pertaining to at least
one additional remote vehicle 14 is located within the area of
interest 100. For example, if the vehicle condition represents
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a location of an additional remote vehicle 14, the processing
can perform a comparison between geographic coordinates of
an additional remote vehicle location of the at least one addi-
tional remote vehicle 14 and additional coordinate condition
data, with the additional coordinate condition data of the at
least one additional remote vehicle 14 being obtained by the
above process. That is, the processing determines via the
on-board vehicle controller 22 an additional first boundary
point of the boundary points for the at least one additional
remote vehicle 14 that is closest to the additional remote
vehicle location, generating via the on-board vehicle control-
ler 22 additional geometric data representing an additional
geometric relationship between the additional first boundary
point, the additional remote vehicle location and an additional
second boundary point of the boundary points for the at least
one additional remote vehicle 14. In this case, the geometric
relationship includes an additional first straight line connect-
ing the additional first boundary point and the additional
remote vehicle location, an additional second straight line
connecting the additional second boundary point and the
additional vehicle location and an additional third straight
line connecting the additional first and second boundary
points. The processing thus calculates via the on-board
vehicle controller 22 additional reference point data repre-
senting an additional reference point for the at least one
additional remote vehicle 14 based on the additional geomet-
ric data, and determines via the on-board vehicle controller 22
the additional coordinate condition data based on an angle
between a predetermined direction and a reference line con-
necting between the additional first boundary point and the
additional reference point.

Accordingly, the processing can perform a collision warn-
ing process differently upon determination of the remote
vehicle 14 and the at least one additional remote vehicle 14
being located within the area of interest 100 than when at least
one of the remote vehicle 14 and the at least one additional
remote vehicle 14 are located outside of the area of interest
100. Moreover, the processing can perform, for example, a
vehicle navigation process differently upon determination
that the remote vehicle 14 and the at least one additional
remote vehicle 14 are located within the area of interest 100 as
opposed to atleast one of the remote vehicle 14 and the at least
one additional remote vehicle 14 being located outside of the
area of interest 100.

In addition, processing similar to that discussed above can
be performed for any type of vehicle condition as discussed
herein that is determined with respect to an additional remote
vehicle 14.

Moreover, when the host vehicle 10 is moving and the area
of'interest 100 is changing and/or moving as shown in FIGS.
4 and 5 above, the processing shown in FIG. 8 and discussed
above can repeat to recalculate the locations and information
discussed above with respect to the new location of the host
vehicle 10 and the boundary points of the area of interest 100.
The controller 22 can update or otherwise store that informa-
tion in the database of the storage device 28 or in any other
suitable location. Moreover, if the host vehicle 10 moves from
one jurisdiction to another as shown in FIG. 5, the processing
performed by the controller 22 can control the host vehicle 10
to operate in accordance with the requirements of that new
jurisdiction.

As can be appreciated from the above, this methodology
can be employed to determine whether a point lies within a
defined region whether the region is geographic in nature or
something completely abstract, such as a region defined by
engine revolutions per minute (rpms) and fuel consumption
that is used to optimize or at least improve operations of the
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host vehicle 10 to improve fuel efficiency as understood in the
art. Thus, the methodology can be applicable to any situation
involving multiple parameters and a selected, complexly-
shaped, region that is defined by a plurality of data points for
indicating a situation in which, for example, and indication
such as a warning should be provided. The methodology is
particularly useful for evaluating a complex area of interest
defined by scattered boundary points, which is much more
difficult to evaluate than a well-defined area that can be ana-
lyzed by, for example, merely determining if a value of inter-
est is above or below a simple threshold. The methodology
can thus provide a much more precise evaluation to provide a
much more precise indication, such as a precise warning, than
can be achieved by simple threshold-based determination as
understood in the art.

While only selected embodiments have been chosen to
illustrate the present invention, it will be apparent to those
skilled in the art from this disclosure that various changes and
modifications can be made herein without departing from the
scope of the invention as defined in the appended claims. The
functions of one element can be performed by two, and vice
versa. The structures and functions of one embodiment can be
adopted in another embodiment. It is not necessary for all
advantages to be present in a particular embodiment at the
same time. Every feature which is unique from the prior art,
alone or in combination with other features, also should be
considered a separate description of further inventions by the
applicant, including the structural and/or functional concepts
embodied by such feature(s). Thus, the foregoing descrip-
tions of the embodiments according to the present invention
are provided for illustration only, and not for the purpose of
limiting the invention as defined by the appended claims and
their equivalents.

What is claimed is:

1. A condition monitoring method comprising:

storing information representing a plurality of boundary
points of a boundary that circumscribes an area of inter-
est in which the boundary points are defined by at least
two prescribed parameters;

obtaining via an on-board controller at least one condition
point defined by current values of the prescribed param-
eters;

determining via the on-board controller a first boundary
point from the plurality of boundary points thatis closest
to the condition point;

generating via the on-board controller geometric data rep-
resenting a geometric relationship between the first
boundary point, the condition point and a second bound-
ary point of the boundary points, the geometric relation-
ship including a first straight line connecting the first
boundary point and the condition point, a second straight
line connecting the second boundary point and the con-
dition point, and a third straight line connecting the first
boundary point and the second boundary point;

calculating via the on-board controller reference point data
representing a reference point based on the geometric
data;

determining via the on-board controller coordinate condi-
tion data based on an angle between a predetermined
direction and a reference line connecting the first bound-
ary point and the reference point; and

determining via the on-board controller whether the con-
dition point lies within the area of interest based on a
comparison between coordinates of the condition point
and the coordinate condition data.
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2. The condition monitoring method according to claim 1,
further comprising
controlling the on-board controller differently upon a
determination that the condition point is located within
the area of interest from a determination that the condi-
tion point is located outside of the area of interest.
3. The condition monitoring method according to claim 1,
wherein
the condition point is defined by the current values of the
prescribed parameters which pertain to a vehicle of
interest.
4. The condition monitoring method according to claim 3,
wherein
the vehicle of interest is a host vehicle on which the on-
board controller is disposed.
5. The condition monitoring method according to claim 4,
wherein
the area of interest is a geographic area defining a jurisdic-
tion governed by regulations pertaining to certain
vehicle operating conditions.
6. The condition monitoring method according to claim 5,
further comprising
controlling an aspect of the host vehicle via the on-board
controller to operate in accordance with the regulations
pertaining to the certain vehicle operating conditions.
7. The on-board warning system method according to
claim 3, further comprising
controlling an aspect of a host vehicle, on which the on-
board controller is disposed, differently upon a determi-
nation of the condition point pertaining to the vehicle of
interest being located within the area of interest from a
determination of the condition point pertaining to the
vehicle of interest being located outside of the area of
interest.
8. The condition monitoring method according to claim 7,
wherein
the vehicle of interest is a remote vehicle which is different
than the host vehicle, and the controlling of the aspect of
the host vehicle includes classifying a remote vehicle
message, received by the host vehicle from the remote
vehicle, as irrelevant upon determination of the condi-
tion point pertaining to the remote vehicle being located
outside of the area of interest.
9. The condition monitoring method according to claim 7,
wherein
the vehicle of interest is a remote vehicle which is different
than the host vehicle, and the controlling of the aspect of
the host vehicle includes performing a vehicle control
process upon the determination of the condition point
pertaining to the remote vehicle being located within the
area of interest from the determination of the condition
point pertaining to the remote vehicle being located
outside of the area of interest.
10. The condition monitoring method according to claim 1,
further comprising
performing a determination of whether at least one addi-
tional condition point is located within the area of inter-
est based on a comparison between the additional con-
dition point and additional coordinate condition data,
with the additional coordinate condition data of the at
least one additional remote vehicle being obtained by
determining via the on-board controller an additional
first boundary point of the boundary points that is
closest to the additional condition point,
generating via the on-board controller additional geo-
metric data representing an additional geometric rela-
tionship between the additional first boundary point,

15

20

25

40

45

50

55

60

65

18

the additional condition point and an additional sec-
ond boundary point of the boundary points, the geo-
metric relationship including an additional first
straight line connecting the additional first boundary
point and the additional condition point, an additional
second straight line connecting the additional second
boundary point and the additional condition point and
an additional third straight line connecting the addi-
tional first boundary point and the additional second
boundary point,
calculating via the on-board controller additional refer-
ence point data representing an additional reference
point for the additional condition point based on the
additional data representing the additional geometric
relationship, and
determining via the on-board controller the additional
coordinate condition data based on an angle between
a predetermined direction and a reference line con-
necting between the additional first boundary point
and the additional reference point.
11. The condition monitoring method according to claim 1,
further comprising
obtaining at least one updated condition point in response
to a change of the current values of the prescribed
parameters;
determining via the on-board controller a updated first
boundary point of the boundary points that is closest to
the updated condition point;
generating via the on-board controller updated geometric
data representing a updated geometric relationship
between the updated first boundary point, the updated
condition point and an updated second boundary point
of the boundary points, the updated geometric relation-
ship including a updated first straight line connecting the
updated first boundary point and the updated condition
point, a updated second straight line connecting the
updated second boundary point and the updated condi-
tion point, and an updated third straight line connecting
the updated first boundary point and the updated second
boundary point;
calculating via the on-board controller updated reference
point data representing an updated reference point based
on the updated geometric data;
determining via the on-board controller updated coordi-
nate condition data based on an updated angle between
the predetermined direction and an updated reference
line connecting the updated first boundary point and the
updated reference point; and
determining via the on-board controller whether the
updated condition point lies within the area of interest
based on a comparison between coordinates of the
updated condition point and the updated coordinate con-
dition data.
12. The condition monitoring method according to claim 1,
further comprising
updating the stored information to represent a plurality of
updated boundary points of an updated boundary that
circumscribes an updated area of interest that is different
from the area of interest;
obtaining at least one updated condition point;
determining via the on-board controller an updated first
boundary point of the updated boundary points that is
closest to the updated condition point;
generating via the on-board controller updated geometric
data representing an updated geometric relationship
between the updated first boundary point, the updated
condition point and an updated second boundary point



US 9,406,231 B2

19

of the updated boundary points, the updated geometric
relationship including an updated first straight line con-
necting the updated first boundary point and the updated
condition point, an updated second straight line connect-
ing the updated second boundary point and the updated
condition point and an updated third straight line con-
necting the updated first boundary point and the updated
second boundary point;

calculating via the on-board controller updated reference
point data representing an updated reference point based
on the updated data representing the updated geometric
relationship;

determining via the on-board controller updated coordi-
nate condition data based on an updated angle between
the predetermined direction and an updated reference
line connecting between the updated first boundary
point and the updated reference point; and

determining via the on-board controller whether the
updated condition point lies within the updated area of
interest based on a comparison between coordinates of
the updated condition point and the updated coordinate
condition data.

13. The condition monitoring method according to claim 1,

further comprising

storing information representing a plurality of additional
boundary points of an additional boundary that circum-
scribes an additional area of interest;

obtaining at least one updated condition point;

determining via the on-board controller an additional first
boundary point of the additional boundary points that is
closest to the updated condition point;

generating via the on-board controller additional geomet-
ric data representing an additional geometric relation-
ship between the additional first boundary point, the
updated condition point and an additional second
boundary point of the additional boundary points, the
additional geometric relationship including an addi-
tional first straight line connecting the additional first
boundary point and the updated condition point, an addi-
tional second straight line connecting the additional sec-
ond boundary point and the updated condition point and
an additional third straight line connecting the additional
first boundary point and the additional second boundary
point;

calculating via the on-board controller additional reference
point data representing an additional reference point
based on the additional geometric data;

determining via the on-board controller additional coordi-
nate condition data based on an additional angle
between the predetermined direction and an additional
reference line connecting the additional first boundary
point and the additional reference point; and

determining via the on-board controller whether the
updated condition point lies within the additional area of
interest based on a comparison between coordinates of
the updated condition point and the additional coordi-
nate condition data.

14. The condition monitoring method according to claim 1,

further comprising

determining the second boundary point by identifying via
the on-board controller an adjacent one of the boundary
points that is next in sequence from the first boundary
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point in a preselected direction along the boundary, and
selecting the adjacent one of the boundary points as the
second boundary point.

15. A condition monitoring system comprising:

a storage device configured to store information represent-
ing a plurality of boundary points of a boundary that
circumscribes an area of interest in which the boundary
points are defined by at least two prescribed parameters;
and

a controller configured to obtain at least one condition
point defined by current values of the prescribed param-
eters, determine a first boundary point of the boundary
points that is closest to the condition point, generate
geometric data representing a geometric relationship
between the first boundary point, the condition point and
asecond boundary point of the boundary points, with the
geometric relationship including a first straight line con-
necting the first boundary point and the condition point,
a second straight line connecting the second boundary
point and the condition point and a third straight line
connecting the first boundary point and the second
boundary point, calculate reference point data represent-
ing a reference point based on the geometric data, deter-
mine coordinate condition data based on an angle
between a predetermined direction and a reference line
connecting the first boundary point and the reference
point, and determine whether the condition point lies
within the area of interest based on a comparison
between coordinates of the condition point and the coor-
dinate condition data.

16. The condition monitoring system according to claim

15, wherein

the controller is configured to control an aspect of a host
vehicle upon which the controller is disposed differently
upon determination of the condition point being located
within the area of interest from a determination of the
condition point being located outside ofthe area of inter-
est.

17. The condition monitoring system according to claim

16, wherein

the vehicle of interest is a remote vehicle which is different
from a host vehicle on which the controller is disposed.

18. The condition monitoring method according to claim

17, wherein

the controller is further configured to classify a message
from the remote vehicle as irrelevant upon determina-
tion of the condition point pertaining to the remote
vehicle being located outside of the area of interest.

19. The condition monitoring system according to claim

16, wherein

the vehicle of interest is a host vehicle on which the con-
troller is disposed.

20. The condition monitoring system according to claim

16, wherein

the two prescribed parameters include a vehicle speed
parameter and a vehicle acceleration parameter; and

the controller is further configured to determine that a
vehicle of interest is preparing to make a turn while the
condition point lies within the area of interest and deter-
mine that the warning condition exists while the vehicle
of interest is determined to be preparing to make the
turn.



